Objective. To investigate whether pain catastrophizing and personality traits bias recalled ratings of acute pain in an experimental tonic pain model. Subjects and Setting. Fifty-six undergraduates (14 males) recruited from the University of Peradeniya (mean age 21.7 6 0.8 SD years).
Introduction
Relying on the implicit assumption that people can accurately recall previous pain experiences, we often use retrospective reports of acute and chronic pain experiences for clinical or research purposes. Retrospective ratings of pain intensity are found to be reasonably accurate with a superior accuracy for acute pain compared to chronic or persistent pain [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The accuracy of memory for persistent pain is more variable with a V C 2016 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com general tendency for patients to overestimate [11, 12] . The most recent or current pain and peak pain or a combination of both bias the recall of past pain intensities [5, [13] [14] [15] . In addition to the sensory aspects of pain experience, affective states such as mood and state anxiety that prevailed at the time of pain experience have been found to strongly influence the memory for acute clinical pain [3, [16] [17] [18] , which suggests a role of affective states on memory for pain experience.
Among the affective states that influence pain experience, pain catastrophizing [19] is a lower-order construct that is significantly associated with pain coping [20] , pain threshold [21] , pain tolerance [22] , pain ratings [23] [24] [25] [26] [27] , disability [28] , treatment response [28] , sensitivity to pain stimuli [29] , and pain and illness behaviors [30, 31] . Reports that chronic pain patients with higher degree of catastrophizing exhibit more memory complaints [32] and recall general pain intensity and pain patterns better [33, 34] signal a role of pain catastrophizing on pain memory as well.
Among the higher-order personality traits, only neuroticism (emotionality or negative affectivity of a person) is found to predict pain behavior and related suffering in patients with chronic pain conditions [35] [36] [37] . Neuroticism is also found to influence the experience of experimental pain. [38] . Inconsistent observations exist in relation to the association of other personality traits such as extraversion, disorderliness and harm avoidance with pain outcomes [39] [40] [41] [42] [43] [44] . However, neuroticism [44] and extraversion [45] are observed to influence the accuracy of pain recall as well.
In studying the accuracy of pain recall and factors influencing it, clinical studies have little control over the nociceptive input signals and timing of when the pain memory trace is formed as nociceptive inputs of patients are highly diverse [3, 5] . Moreover, patient-related cognitive (such as attention or sympathy-seeking, expectancy, and appraisal) and affective (such as anxiety, depression, and anger) factors confound the results. [46] . Studies conducted by experimentally inflicting pain in relatively homogenous group of participants may overcome some of the above issues [4] . Such studies have already demonstrated that acute pain characteristics are consciously remembered rather than being known as a semantic fact of past experience, and that the characteristics of past pain can be consciously recalled rather than the rating procedure or proxy (the rating on the scale) of the past experience [4, 9, 47] . But the impact of cognitive and affective processes on pain recall has rarely been studied in such models [45] .
Our aim in this study was to examine whether pain catastrophizing (Pain Catastrophizing Scale) and personality traits (Eysenck Personality Questionnaire) bias recalled rating of acute pain in an experimental pain model (cold pressor test) that evokes an affective pain component approaching that of clinically significant pain [48] , while controlling for the impact of memory ability and sensory features of pain experience.
Methods
The study proposal conformed to the guidelines of the Declaration of Helsinki on 'Ethical Principles for Medical Research Involving Human Subjects' declared by the World Medical Association in 1964 in Helsinki and last amended by the 64th WMA General Assembly, Fortaleza, Brazil, October 2013. It was approved by the Research and Ethics Review Committee of the Faculty of Dental sciences, University of Peradeniya.
Study Sample
Fifty-six participants (volunteers without any incentives) were recruited as a random sample among Sinhalaspeaking undergraduates of three consecutive cohorts (25% of available undergraduates in these three consecutive cohorts) of the Faculty of Dental Sciences, University of Peradeniya (14 males with a mean age of 21.7 6 0.9SD years and a mean BMI of 20.7 63.1 SD kg/m 2 ; and 42 females with a mean age of 21.6 6 0.8SD years and a mean BMI of 20.5 6 3.1SD kg/m 2 ). The study was thoroughly explained to the participants and informed consent was obtained before being recruited. The participants were also informed that they could withdraw from the study at any time with no repercussions. Inclusion criteria were: being a member of one of these cohorts and willingness to volunteer for the study. Exclusion criteria were: presence of acute or chronic pain conditions; being on medications including analgesics, tranquilizers, antidepressants, or other centrally acting agents; suffering from or being under treatment for psychological disorders, diabetes, or neuropathy; and inability to read and understand a daily newspaper published in Sinhala language.
Measurements
Pain catastrophizing and personality traits of the participants were assessed before the pain recall test (as dispositional measures) to avoid the memory of pain experienced during the test having an influence on those measurements. A simple test of visual memory was used to assess the short-term memory (immediately after experience) and long-term memory (over 1-week period) of participants. The participants spent a few minutes (15-30 min) in the laboratory before a cold pressor test. Ambient temperature was maintained at 27-28 C (27.3 6 0.5 C). During this period, the participants responded to a questionnaire reporting their demographic data, height, weight, smoking habits, medical history, and any existing health conditions (height and weight were measured in the lab). The cold pressor test was performed first on the dominant hand and then on the non-dominant hand in all participants following the same protocol (as a measure of reproducibility). An operational manual that detailed the protocol was used during the entire procedure.
Evaluation of Personality Traits
A validated Sinhala version of the Eysenck Personality Questionnaire (EPQ) was used to evaluate three personality traits of the participants: psychoticism (P), extraversion (E), and neuroticism (N), which is also known as the PEN model of personality types and offers a strong experimental approach to the study of personality [49] . The Sinhala version of the EPQ is a self-administered questionnaire developed from the 101-item version of the Eysenck Personality Inventory, where the three personality traits are scored separately. The maximum scores possible are 23 for neuroticism, 17 for psychoticism, and 20 for extraversion. Templates were used in calculating and scoring in order to ensure accuracy. The EPQ also contained a lie scale, scores of which were not used in the present study.
Evaluation of Pain Catastrophizing
Participants' pain catastrophizing was assessed as a dispositional measure using the validated Sinhala language version of the Pain Catastrophizing Scale (PCS-SIN) [50] . The Pain Catastrophizing Scale (PCS) has 13 items and assesses the degree of pain catastrophizing in three components: helplessness (H), magnification (M), and rumination (R) [51] . The total score is considered as the degree of pain catastrophizing. Each individual item is assessed on a scale ranging from 0 (not at all) to 4 (always), and hence, the total score range is from 0 to 52. A higher score of pain catastrophizing indicates a state of higher occurrence of cognitive and affective thought processes that makes the person emotionally vulnerable and relates strongly to exaggerated negative orientation towards noxious stimuli (negative appraisal about pain and its consequences) [51, 52] .
Testing the Visual Memory Ability
Two simple visual memory tests were used to assess the short-term memory (STM) and long-term memory (LTM) of the participants. In test I, they were shown 15 characters of the English alphabet (2Bs, C, E, M, 3Ns, O, R, T, Q, U, V, and Z in a mix) for 5 seconds and then they were asked to recall and record the letters immediately. In test II, they were shown 20 pictures of familiar items/objects for 10 seconds, and then they were asked to recall and record the items immediately. After a period of 1 week, they were again asked to recall the items of test I and test II and record. Average scores of the test I and test II at the first instance (immediately after the test) were taken as their STM and the average of the tests after 1week was taken as the LTM. The possible average ranged from 0 to 17.5.
As this visual memory ability test is not a validated test, we conducted a separate study with a sample of 133 young adults in order to assess the performance of this test. The unpublished data indicate that the STM (Spearman correlation coefficient between test I and II: r ¼ 0.2, P < 0.05) and LTM (r ¼ 0.4, P < 0.05) showed adequate inter-test correlations. STM and LTM also exhibited moderate association (r ¼ 0.6, P < 0.001).
Testing Recalling Ability of Acute Pain Experiences: The Cold Pressor Test
Cold pain was induced in each participant individually using "a cold pressor test" [53, 54] . All instructions were given before the commencement of the test to minimize the chance of participant getting distracted during the test. To ensure a smooth flow in implementation of the test, the participant's memory of key steps of the test was verified by asking the person to recite those steps.
In performing the test, first the participant was asked to immerse the dominant hand up to the wrist in a water bath that was at room temperature (mean temperature 25.36 0.5SD C) for 15 seconds and then to immerse it into an insulated container (ice bath) full of ice and water (mean temperature 1.26 0.2SD C, range 0.9-1.4 C). The participant had to keep the hand opened (not to close the fist) and immersed up to the wrist in the ice bath until the experience is unbearable to tolerate any longer. Water in the ice bath was circulated to prevent warming of water around the hand of the participant. An examiner, who was away from the immediate vicinity of the participant, started keeping time from the moment of immersing the hand into the ice bath.
The participant was instructed to raise the free hand at the moment the person starts experiencing pain. This duration in seconds (time from the immersion to raising the free hand) was recorded as the pain threshold (pain threshold, PTh). When the participant could not tolerate pain any longer, the instructions were to mark the intensity of the highest pain (peak pain) experienced on a 100 mm visual analog scale (VAS) [55] by drawing a slash across the VAS (maximum pain intensity, MPI) and then to remove the hand from the ice bath. The anchor words, "No Pain at All" and "the Maximum Pain Imaginable," were displayed at the two ends of the VAS. The duration from the immersion to removal of the hand was noted as tolerance time (pain tolerance, PTo). The tolerance time had an obligatory ceiling time of 180 seconds, which was not revealed to the participant during the experiment (uninformed ceiling). Participants who did not reach pain tolerance within the ceiling time (pain-insensitive according to Chen et al. [53] ) were excluded from further analysis. The participant was not given a chance to see the recorded VAS in order to prevent any memory reinforcement from visual recall of the position marked on the VAS, and also to avoid carry-over effects on the test performed on the nondominant hand. At the end of the test, it was inquired whether the participant really felt pain during the test. Following the test on the non-dominant hand, an additional question with a similar VAS about the unpleasantness of the total experience was given. This was expected to mask the participant's memory of the recordings made in relation to pain intensities experienced with both hands. Exactly 1 week later, the participants were instructed to recall the intensities of pain they experienced at the first instance (during the cold pressor test), and to indicate those on different VASs separately for both dominant and non-dominant hands (recalled pain ratings, RPRs). The experiment was conducted during the same hours of the day (2-3pm).
Data Analysis
The participants who kept either of their hands immersed in the ice bath for more than the ceiling time (180 seconds) were considered as outliers and their data were excluded from the analysis; outliers were not replaced. The distribution of data was examined using histograms and Shapiro-Wilk test as the size of the sample was slightly above fifty (N ¼ 54). Descriptive statistics were calculated for demographic data and all measurements. Floor and ceiling effect was examined using frequency distributions.
Before testing the major hypothesis that catastrophizing and personality traits bias recalled pain ratings, any difference by sex and handedness (right or left) on the predictor variables and two major outcome variables were examined using the independent sample t test. The paired t test was used to detect the influence of the order of testing (between dominant and non-dominant hands). Intra-class correlation coefficients were calculated for absolute agreement between MPI and RPR, and means were compared to establish accuracy in recalling.
PTo, PTh, MPI experienced during the cold pressor test, LTM, unpleasantness of total experience (Unpl), personality traits (extraversion, neuroticism, and psychoticism), and pain catastrophizing (the total score and the scores of components: magnification, rumination, and helplessness) were considered as initial predictors. RPRs and percentage distortion occurred in recalling the maximum intensity of acute pain experienced (%DR) were considered as the outcome variables. The %DR was calculated for each hand as follows:
Bivariate associations between variables (all initial predictors and outcome variables) that conformed to normality standards were explored with Pearson's correlation coefficient.
The predictors exhibited significant correlations with the outcome variables and those with a plausible influence (i.e., LTM) were evaluated using hierarchical multiple regression analyses to test the major hypothesis of the study. Separate models were constructed to predict RPR and %DR for both hands and the blocks of variables entered were as follows: (block a) MPI, unpleasantness, and long-term memory ability; (block b) neuroticism; (block c) pain catastrophizing; and (block d) an interaction between neuroticism and catastrophizing (as neuroticism has been observed to interact the relationship between catastrophizing and pain response) [37, 52] . In order to avoid multicolinearity, the interaction term was created between centered catastrophizing (mean catastrophizing-catastrophizing) and centered neuroticism (mean neuroticism-neuroticism) and the interaction term (centered catastrophizing x centered neuroticism) was used in the analysis. The three components of PCS were not considered for hierarchical multiple regression analysis again due to high multicolinearity with the total score of PCS. This series of hierarchical multiple regression was performed to test the hypothesis that there was no relationship between the outcome variable (RPR or %DR of both hands) and the predictor variables (neuroticism, catastrophizing, and the interaction between catastrophizing and neuroticism) after controlling for the effect of the MPI, unpleasantness and long-term memory ability. A significant change in R 2 (DR 2 ) is accepted to reject the null-hypothesis of each step (that contribution to the explanation of the variance in the outcome variable is zero).
As a second approach to verify the observations of the regression analysis, participants who overrated in recalling (higher RPR compared to MPI) for both hands were identified as over-raters, and those who consistently underrated in recalling were identified as under-raters. Those who underrated for one hand and overrated for the other were considered inconsistent. One-way Analysis of Variance with Bonferroni post-hoc tests were used to compare parameters among the three groups (the over-raters, inconsistent individuals and underraters).
All analyses were performed using SPSS version 12 for Windows (SPSS; Chicago, IL, USA). Hypotheses were tested at a ¼ 0.05.
Results

Cold Pressor Test
All participants confirmed that they felt pain during the test. Two participants (one female and one male) kept their dominant hands immersed in the ice bath more than the ceiling time and their data were excluded from the analysis leaving 54 participants (with 47 right handers, and 41 females) in the sample. PTh, PTo, Unpl, and psychoticism were skewed to right, and other variables had distributions that conform to normality standards.
Paired t-test revealed that the PTh and PTo were reached significantly later for the dominant hand than for the non-dominant hand (Table 1 ). There were high correlations across hands (within subjects) for the pain threshold (r ¼ 0.8, P < 0.001) and the tolerance (r ¼ 0.7, P < 0.001). Correlations between pain threshold and pain tolerance within the same hand were somewhat less (dominant hand: r ¼ 0.5, P < 0.01; non-dominant hand: r ¼ 0.5, P < 0.01). Intra-subject correlations also revealed that unpleasantness of the total experience is positively associated with MPI expressed for both the dominant (r ¼ 0.4, P< 0.001) and non-dominant (r ¼ 0.5, P< 0.001) hands. Nevertheless, the MPIs were not significantly different between hands (Table 1) and showed a high correlation (r ¼ 0.7, P < 0.001).
Episodic Pain Memory and Memory Abilities for Characters and Pictures
The associations between major outcome and predictor variables are given in Table 2 . The scatter plots in Figure 1A and 1B show strong correlations of RPR with MPI for the dominant (intraclass correlation coefficient, ICC ¼ 0.68, 95% CI ¼ 0.51, 0.79) and non-dominant hands (ICC ¼ 0.59, 95% CI ¼ 0.39, 0.74) with no difference in mean values (Table 1 and 2) reflecting the accuracy of participants' ability to recall acute experimental pain. RPR and %DR also expressed high correlations between hands (r ¼ 0.79, P < 0.001 and r ¼0.62, P < 0.001).
The participants were able to correctly recall 41.7% of visually presented objects (as the immediate working memory ability) and to recall 33.0% following a period of 1 week (as the long-term memory ability). These measures did not exhibit significant associations with any pain related sensory or recalled measurements.
Influence of Personality Traits and Catastrophizing on Acute Pain Experience
Descriptive statistics of predictor variables are reported in Table 3 . There were no differences by sex or handedness (between right and left handed participants) in any of the predictor or outcome variables. Frequency distributions revealed no floor and ceiling effect of any of the variables measured.
The magnification component of pain catastrophizing showed a significant albeit weak correlation with MPI expressed for the non-dominant hand (r ¼ 0.26, P¼ 0.05) and a near significant weak correlation with that of the dominant hand (r ¼ 0.22, P¼ 0.06). None of the other psychological parameters including the total score of PCS were associated with the sensory responses to pain experience (i.e., MPI, PTh, or PTo).
Factors Contributing to Recalled Pain Ratings
MPI, Unpl, neuroticism, and pain catastrophizing (including all its subcomponents), showed significant positive associations with RPR of both hands (Table 2) , while visual memory (LTM) did not. Among these, only pain catastrophizing and its components showed significant positive associations with the percentage distortion in recalling MPI (%DR) for both hands.
Hierarchical multiple regression analysis revealed that RPR expressed for both hands were significantly predicted only by MPI and pain catastrophizing as individual predictors (Table 4) . Long-term memory ability, unpleasantness, neuroticism and interaction between centeredneuroticism and centered-catastrophizing explained only non-significant components of the variance of recalled ratings of pain. However, the %DR of both hands were significantly predicted only by pain catastrophizing (beta coefficients 0.55 with a 95% confidence interval of 0.28-0.83 and 0.57 with a 95% confidence interval of 0.31-0.85 for dominant and non-dominant hands, respectively, P < 0.001) ( Table 5 and Figure 2 ). All other predictors including interaction between centered-neuroticism and Figure 1 Associations of recalled pain rating (RPR) with the maximum pain intensity (MPI) of (A) dominant hand (DH) and (B) non-dominant hand (nDH). centered-catastrophizing explained non-significant components of the variance in %DR.
There were 18 individuals who overrated the MPI and 17 who underrated it for both dominant and nondominant hands consistently (see Figure 1 ). The rest (19 participants) had overrated for one hand and underrated for the other. One-way Analysis of Variance (F ¼ 10.7, P < 0.001) with Bonferroni post-hoc tests showed that pain catastrophizing was significantly higher (mean difference ¼ 11.34, P < 0.001) in over-raters (Mean 6SD: 25.2 6 8.0) compared to under-raters (13.8 6 6.3), with the inconsistent group being in between (19.2 6 7.3) (see Figure 2) . But personality traits and long-term memory abilities were not significantly different among these three groups. These observations corroborate the observations made in hierarchical multiple regression analysis.
Post-hoc power analysis for the major hypothesis tested (multiple regression analysis) revealed a power of 0.99 (with a sample size of 54 and six predictors at an alpha level of 0.05 to achieve a R 2 value of 0.5).
Discussion
This study evaluated the influence of pain catastrophizing and personality traits on recalled ratings of acute Table 4 Hierarchical regression analysis for predictors of recalled pain ratings after 1 week (RPR) for both the dominant (DH) and non-dominant (nDH) hands (N ¼ 54)
Step Table 5 Hierarchical regression analysis for predictors of percentage distortion in recalled ratings of pain after 1 week (%DR) for both the dominant (DH) and non-dominant (nDH) hands (N ¼ 54)
Step 1 DH 0.02 0. b Coefficients, t values, and the significance levels are given for each predictor under every step. %DR ¼ percentage distortion in recalled intensity of pain; DH ¼ dominant hand; nDH ¼ non-dominant hand; MPI ¼ maximum pain intensity; LTM ¼ long-term memory ability; Unpl ¼ unpleasantness; N ¼ neuroticism; PCS ¼ pain catastrophizing; c-PCS Â c-N ¼ interaction between centered pain catastrophizing and centered neuroticism. DR 2 , R 2 change. *P < 0.05; **P < 0.01; ***P< 0.001. pain inflicted by cold pressor test in healthy young adults. The results, in general, revealed that pain catastrophizing and neuroticism exhibit positive associations with the recalled ratings of experimental acute pain. When controlled for baseline memory ability, maximum pain intensity experienced during the cold pressor test (MPI) and the degree of unpleasantness of total experience, pain catastrophizing was the most important predictor of the recalled pain ratings (RPRs) and percentage distortion in recalling the maximum intensity of acute pain experienced (%DR).
Pain Catastrophizing and Pain Recall
Among the predictors, hierarchical multiple regression findings demonstrated that only MPI and pain catastrophizing explained significant components of variance in RPR. Pain catastrophizing was the only predictor that could explain a significant component of the variance of %DR. These observations were consistent for both the dominant and non-dominant hands. Supporting the findings of hierarchical multiple regression analyses, the participants who overestimated pain during recall were found to be higher catastrophizers while the underraters were low on catastrophizing. These findings suggest that pain catastrophizing strongly biases recalled pain ratings where the direction of bias during recall is determined by the degree of pain catastrophizing. This is the first time to demonstrate the influence of pain catastrophizing on the RPR and %DR in healthy subjects. A similar influence of catastrophizing on recalled pain intensity has been reported in chronic rheumatoid arthritis patients [34] . In that study, where pain catastrophizing has been evaluated with the Coping Strategies Questionnaire [8] that incorporates six cognitive pain coping scales, the patients with higher degree of catastrophizing have recalled their pain intensity at a better accuracy. Our observations together with their findings reveal that the pain memory is influenced by catastrophizing, whether it is of clinical or non-clinical pain.
In the present study, the observed positive association of magnification to the MPI in both hands was the only evidence that supported previous findings that pain catastrophizing is associated with enhanced sensory responses to pain [20, 24, 25, 31] . However, the nature of this relationship is obscured by conflicting observations. In a recent study, situational catastrophizing (measured during or immediately after painful experience) was more strongly associated with enhanced responses to experimental pain than dispositional catastrophizing (measured as a trait in daily life) [21] . We assessed pain catastrophizing as a dispositional measure, but only a few previous studies have clearly documented the nature of their measure of catastrophizing [24] . This hidden dichotomy may also have contributed to the variability of observations with respect to the influence of catastrophizing on pain response and memory. In general, our observations suggest that the influence of pain catastrophizing on pain recall is stronger than its influence on the pain sensory experience.
Personality Traits and Pain Recall
Among the three fundamental personality traits assessed in the current study, only neuroticism showed a Figure 2 Association of %distortion in recalling maximum pain intensity (%DR) of (A) dominant hand (DH) and (B) non-dominant hand (nDH) with the total score of pain catastrophizing scale (PCS).
significant association with the RPR suggesting a positive influence. None of the personality traits showed any significant association with the %DR. Nevertheless, hierarchical multiple regression analyses did not recognize neuroticism as a significant predictor of RPR or %DR. Neuroticism is found to positively influence recalled pain reports in a group of patients with chronic pain but no influence was reported on distortion in recalling [44] . We too document a positive but weak association of neuroticism only with the recalled ratings of experimentally induced acute pain corroborating previous observations [44] . Individuals who score high on neuroticism (emotionality), which is a higher order trait, tend to be worriers and often be anxious, moody and depressed. Neuroticism is thought to make cognitive processing of pain vulnerable, lowering the threshold at which pain is perceived as threatening. Neuroticism is also believed to interact the relationship between catastrophizing and pain although no positive evidence in support of this claim was found in the present study [37, 52] .
Extraversion has been reported to enhance the accuracy in recollecting qualitative features of pain inflicted by cold pressor test but not the sensory features of it as assessed with the McGill Pain Questionnaire [45] . However, contrary to above observations, we did not observe any association of extraversion either with the sensory responses to pain or memory for pain (RPR and %DR). Further, our observations support the absence of any evidence on the influence of psychoticism on perception of pain in previous literature. Collectively, these observations suggest that compared to neuroticism, the influence of other personality traits on pain experience and pain recall is insignificant.
Visual Memory
In this study, the potential association of visual memory power with accuracy of pain recall was explored, but the findings suggest that the visual memory is not related to recollecting sensory features of pain. This may be due to lack of sensitivity of the measures we used or may indicate that these two types of memory utilize disjunct mechanisms. This may also support previous observations that pain is remembered in pain recall tasks rather than the rating procedure or the proxy (the rating on the scale) of the experience with an acceptable accuracy [4, 56] . It was useful to control for the memory ability in testing our major hypothesis assessing the influence of pain catastrophizing and personality traits on the ability to recall past acute pain experiences. In future, research should be devised to study the influence of memory ability of other sensations (in addition to the visual memory) on recall of both sensory and affective components of pain [57] .
Technical Considerations
The previous observation that the influence of peak pain was stronger on memory than that of end pain justifies the use of maximum pain intensity in this study [5, 13] .
High ICCs observed between MPI and RPR with no differences in mean values, which are also consistent for both hands, strongly support the presence of adequately accurate memory for acute experimental pain and are in agreement with previous research [4, 5, 9, 46] . Although no repeated measurements have been made, comparing values for the dominant and non-dominant hands strengthen the validity of observations. Repeated measurements are difficult in this type of experiments as peripheral and central sensitization and habituation may influence any measurement after the first stimulation [58, 59] . The significant differences between dominant and non-dominant hands in our data (i.e., in pain threshold and tolerance) may reflect sensitization rather than laterality, since the non-dominant hands were tested after the dominant hands.
The inclusion of a VAS assessing the unpleasantness of the total experience to mask any influence of their visual memory of recording perceived pain intensity can be taken as a strong point. It is expected that the use of similar VAS blurs or disturbs the initial memory of visual image of pain intensity ratings.
Although the accuracy of participants' recollection of visually presented objects could be considered as adequate memory ability for this population [60] , lack of established validity of this simple visual memory test and not using advanced testing for assessing memory power could be considered as limitations of the present study. Further, we assessed pain memory only for 1 week (a frequent period for pain diaries), and the affective aspects of our experimental pain model are likely less pronounced than in clinical pain [48] which should be taken into account when interpreting the present finding in relation to clinical settings [56] .
On the other hand, studying the influence of psychological factors on memory for acute pain in experimental pain models may be more advantageous than using pain patients. It eliminates many confounding factors such as disease related complex affective emotional states that could bias the measurements done using instruments such as pain diaries. Experimental pain models standardize the pain experience and let us study specific components of pain controlling others that may bias recalled ratings such as patients being under agonizing pain before and during recall test [46] . However, the homogeneity of the sample of participants used in the present study may limit the generalizability of findings. Therefore, it may be useful to assess memory for experimental pain models in patients with chronic pain as well and to cover a range of recall intervals from one day to one month consistent with clinical practice for pain recall measures in patients.
Conclusions
This study showed that memory for painful events was reasonably accurate over a period of 1week for a tonic experimental pain model in healthy subjects. High catastrophizing introduced a positive bias into the recalled ratings of experimental acute pain over the same period, whereas neuroticism only exhibited a weak positive association with the recalled ratings. These findings suggest that catastrophizing and neuroticism might influence episodic pain memory in clinical contexts as well and hence have an influence on quality of care metrics pertaining to pain management.
